Purpose: To determine if there is significant symptomatology in women with heterozygous ␣-galactosidase mutations. Methods: Data from medical records of the 44 heterozygous females followed at Cedars-Sinai Medical Center were compiled and analyzed for symptoms of Fabry disease. Quality of life data were also analyzed. Results:
Fabry disease (MIM #301500) is an X-linked lysosomal storage disorder caused by deficiency of the enzyme ␣-galactosidase A [␣-gal A, E.C. 3.2.1.22]. 1 Affected patients have an impaired ability to degrade membrane glycosphingolipids containing a terminal ␣-glycosidic galactose, especially globotriaosylceramide/ceramide trihexoside (GL 3 ), which accumulates in tissues. Storage in the vascular endothelium increases the risk for cerebrovascular accidents (CVA) and myocardial microvascular ischemia [2] [3] [4] ; in the heart causes dysrhythmias, hypertrophic cardiomyopathy, and valvular insufficiency 5 ; in the kidney leads to progressive renal insufficiency and eventually failure 6 ; in the peripheral nervous system gives rise to gastrointestinal dysmotility, hypohidrosis, temperature intolerance, dysregulation of vascular tone, and characteristic acroparesthesias of the hands and feet. [7] [8] [9] Obstructive lung disease and impaired exercise tolerance are also seen. 10 -12 Fabry disease causes significant morbidity and mortality in hemizygous males. Acroparesthesias and gastrointestinal upset reduce emotional well-being and productivity. Patients become deconditioned due to exercise intolerance. Proteinuria and renal insufficiency begin in the third to fourth decades of life in males. 6 Death occurs typically in the fifth decade; renal failure is the most common cause of death in patients with Fabry disease, followed closely by stroke and myocardial infarction. 13 As recently as 2001, women with heterozygous mutations in the ␣-gal A gene were thought to be asymptomatic carriers of the disease due the presence of functional ␣-gal A enzyme synthesized from the normal allele. 14 Symptoms in heterozygotes were attributed to skewed X-inactivation of the normal allele. Recently, several groups have reported that carrier women develop symptoms of Fabry disease at a higher rate than can be predicted simply by skewed X-inactivation and are at a higher risk of premature death. [15] [16] [17] [18] [19] Although genotype-phenotype and ␣-gal A activityphenotype correlations are fairly well described in hemizygous men, 20 -24 the few studies that have been performed in heterozygotes fail to show similar correlations. 18, 19 Due to the low prevalence of Fabry disease, most cohort studies are small, limiting the amount of data regarding the frequency and severity of Fabry disease manifestations in heterozygous women. The Fabry Outcomes Survey (FOS), a European registry of Fabry patients, reported symptoms and manifestations in more than 300 women and is the largest published natural history survey of heterozygotes to date. 18 The Fabry Registry (http://www.fabryregistry.com) is currently analyzing data from 809 female Fabry patients. [25] [26] [27] While extremely informative, registry-based studies are subject to limitations. Measured parameters and outcomes record a limited amount of clinical data, are not monitored systematically during submission, and are subject to ascertainment bias because registries tend to enroll the sicker, more symptomatic patients who require treatment with enzyme replacement therapy (ERT).
Multiple studies have demonstrated biweekly intravenous infusions with recombinant human ␣-gal A effectively improve anhidrosis, pulmonary gas exchange, gastrointestinal symptoms, and acroparesthesias; stabilize renal function; and reduce plasma and tissue GL 3 accumulation. 28 -34 However, the trials were performed almost exclusively on males, with only two females involved in the United States Phase IIIa and eight in the phase IIIb trial. One open-label study involving 15 heterozygous females demonstrated reduction in plasma and tissue GL 3 , preserved creatinine clearance, improved quality of life, and reduced left ventricular mass after 41 weeks of ERT. 35 Thirty-four heterozygous women are followed at Cedars-Sinai Medical Center (CSMC) and are seen every 6 -12 months. 11 are currently receiving ERT. An additional ten women were seen at CSMC as part of a survey study. Most of the women were ascertained through affected male family members and thus are more representative of Fabry carriers in general. Many women were noted to complain of fatigue, exercise intolerance, and acroparesthesias. Regardless of ascertainment method, the majority of heterozygous females have clinically significant Fabry disease symptoms and clinical manifestations.
MATERIALS AND METHODS

Patient recruitment and evaluation
CSMC is the largest referral center for Fabry disease in the Southwestern United States. The Fabry Registry study was approved by the CSMC institutional review board. All women seen at CSMC for Fabry disease are recruited for the study and sign the informed consent form prior to entry into the Registry. All women have a detailed history and physical performed upon entry into the study and at periodic intervals by WRW. The diagnosis of Fabry disease was made by a combination of pedigree analysis, ␣-Gal A plasma and leukocyte enzyme activity, and molecular genotyping.
Data analysis and statistics
Data gathered from our patients regarding the presence, onset, and severity of cerebral, cardiovascular, renal, gastrointestinal, and neuropathic disease was compiled. Pain was measured with the Basic Pain Inventory (BPI) survey, which contains questions relating to pain and degree of interference with daily living, and is the standard instrument of pain assessment for Fabry disease. 7,36 -39 Answers range from 0 (no pain or interference with activity) to 10 (most severe pain and interference with activity). Quality of life was measured both by patient interview, focusing on subjective estimation of fatigue, exercise tolerance, depression/current antidepressive medication use, and anxiety, and by the SF-36 health-related quality of life survey. The SF-36 survey is a 36-item questionnaire that measures a patient's subjective estimation of quality of life and is divided into two composite scores: the physical and mental component summary scores (PCS and MCS), and eight subcomponent scores: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health (http://www.sf36.org). It is a validated, reliable measure of quality of life and has been used for patients with Fabry disease as well as other chronic diseases such as asthma, renal failure, and autoimmune disease. 39 -42 Scores were compared to United States female population norms. 43 Differences were reported as standardized response means, also known as effect sizes, equivalent to the difference in means divided by the standard deviation of the norm group. An effect size of 0.8 is defined to be large and indicates the mean of the study group is at the 21 st percentile of the control group. 44 Cerebrovascular disease (CVD) was assessed by reviewing medical records and brain imaging for transient ischemic attacks (TIAs) and CVAs. Magnetic resonance brain imaging was obtained without contrast, utilizing axial T 1 , T 2 , and FLAIR techniques. Patients were also asked to report if they experienced tinnitus and subjective loss of hearing. When available, audiology reports were reviewed for objective evidence of hearing loss. Small-fiber, autonomic, and dorsal column neuropathy were evaluated by subjective reports of acroparesthesias, hypohidrosis, and heat/cold intolerance, and objective examination for decreased vibration sense.
A standard 12-lead electrocardiogram (EKG) and transthoracic echocardiogram were obtained. Resting heart rate and blood pressure were obtained during clinical evaluations. Heart rate, PR interval, and dysrhythmias (as assessed by EKG) and left ventricular posterior wall distance (LVPW d )/intraventricular septal distance (IVS d ), valvular function, and ejection fraction (as assessed by echocardiogram) were obtained.
Pulmonary function testing was performed and evaluated in accordance with American Thoracic Society Standards. The protocol, methods of analysis, and results of the women studied for noninvasive exercise testing have been described previously, as have the results for some of the women studied herein. 12 Results of pulmonary function testing (percent predicted FEV 1 , FVC, FEV 1 /FVC ratio, FEF ), as well as exercise tolerance testing (percent predicted VO 2max , heart rate as a percentage of maximum predicted heart rate, and systolic and diastolic blood pressures) were compiled and correlated to subjective complaints of exercise intolerance and fatigue.
Renal function was assessed for the presence of proteinuria (defined as Ͼ150 mg protein/24 hours), microalbuminuria (defined as Ͼ30 mg albumin/24 hours), serum creatinine, and measured (if not available, calculated using the Modified Diet in Renal Disease equation) creatinine clearance. 45 If spot urine protein, creatinine, and/or microalbumin were obtained instead of 24-hour timed urine collection, proteinuria was defined as a urine protein:creatinine ratio of Ͼ0.015 or a urine microalbumin concentration exceeding 30 mg/L. Gastrointestinal involvement centered on subjective complaints of ab-dominal pain and bowel dysmotility. Charts were also reviewed for concurrent medications and the presence of comorbid cardiovascular risk factors such as hypertension, diabetes mellitus, and dyslipidemias. Categorical variables were reported as percentages. Continuous variables were reported as mean (median) Ϯ standard deviation (SD).
Data from women who were ascertained due to a diagnosis of Fabry disease in an affected family member were compared with data from women ascertained based on symptoms. Similarly, the results of pulmonary function and noninvasive exercise testing were compared in women with and without fatigue, and women with and without exercise intolerance. Representative symptoms from major organ systems affected by Fabry disease were selected: the mean age, plasma ␣-gal A, and leukocyte ␣-gal A activity of women affected and not affected by the symptom were calculated and compared. The representative symptoms were CVD, acroparesthesias, hypohidrosis, angina pectoris, left ventricular hypertrophy, valvular dysfunction, GI cramping and/or diarrhea, and end-stage renal disease. FEF , VO 2max , maximum heart rate attained during exercise, creatinine clearance, and 24-hour urine protein excretion were analyzed according to patient age, plasma ␣-gal A, and leukocyte ␣-gal A activity.
Categorical variables were compared using Fisher's exact test. Continuous variables that satisfied both normality and homogeneity of variance assumptions were compared using Student's t-test. Satterthwaite's approximate t-test was employed for variables that satisfied only the normality assumption, while the Wilcoxon Rank-Sum test was used for variables that did not satisfy the normality assumption. Correlations between numeric variables were assessed by Spearman (rankorder) correlation analysis. In all comparisons, two-tailed Pvalues were calculated and reported.
RESULTS
Demographic data and initial symptomatology
Data on 44 Fabry heterozygotes were available for review ( Table 1 ). The patient age was 46.1 (48) Ϯ 17.4 years. Seventysix percent (31/41) were ascertained following diagnosis of another affected family member, 15% (6/41) due to renal disease, 4.9% (2/41) due to cornea verticillata, and 4.9% (2/41) due to acroparesthesias. Overall, acroparesthesias were the first reported symptom in 76% (16/21) of women. The age of the first reported symptom was 13.8 (10) Ϯ 10.7 years, but the age of diagnosis was 29.5 (27) Ϯ 19.9 years. By recall, most of the women developed their first symptom during the first two decades of life: 42% (14/33) at age 0 -9 years, 42% (14/33) at age 10 -19 years, 6% (2/33) at age 20 -29 years, 3% (1/33) at age 30 -39 years, and 6% (2/33) at age exceeding 39 years. The different ␣-gal A mutations of the cohort are summarized in Table 2 . The leukocyte ␣-gal A activity was 14.6 (8.5) Ϯ 19.3 nmol/mg protein/hour, while the plasma ␣-A activity was 4.8 (2.6) Ϯ 8.4 nmol/mg protein/hour.
The body mass index of the cohort (BMI) was 28.8 (28.8) Ϯ 7.89; 68% (28/41) had a body mass index (BMI) above the Of the six women who were diagnosed with Fabry disease due to renal involvement, two sisters (reported previously) were ascertained after one developed end-stage renal disease (ESRD), received a living-related donor kidney from her sister, and underwent a graft renal biopsy following transplant that showed vacuolated renal epithelial cells suggestive of storage. 46 Molecular analysis confirmed a Y207S ␣-gal A mutation in both.
Quality of life and pain
The SF-36 mean PCS and MCS scores of the cohort, as well as the eight subcategory scores, were all below the United States female population norms. Norms for the PCS and MCS are 49.6 and 49.1, respectively, with a standard deviation of 10.3 and 10.6, respectively. 43 The PCS of the cohort was 45.4 (46.5) Ϯ 10.8 and the MCS was 43.3 (44.5) Ϯ 13.9. The effect size was the greatest for the subcategory of physical functioning (1.0), corresponding to a cohort mean at the 16 th percentile of the population. The effect size in the general health subcategory was 0.77 (cohort mean 22 nd percentile of population) and 0.73 for the vitality subcategory (cohort mean 24 th percentile of population). These results are summarized in Table 3 and Figure 1 .
The BPI scores of the cohort are summarized in Figure 2 . The BPI score for "pain at its worst" was 3.7 (3) Ϯ 3.5, for "pain at its least" was 2.1 (1) Ϯ 2.5, and for "pain on the average" was 2.9 (2) Ϯ 2. 
Neurologic and psychiatric data
Twenty-four percent (9/37) reported symptoms of TIA and 22% (8/36) had sustained at least one CVA (Table 4) . Seven patients had both TIA and CVA. The age of first CVA was 52 (46) Ϯ 13 years. Periventricular white matter changes on MR brain imaging were visualized in 32% (8/25); three of those eight women had sustained a stroke. The other five women who had white matter changes reported neither TIA nor CVA. Tinnitus was reported in 58% (22/38) of patients, and subjective/objective evidence of hearing loss (typically high-frequency sensorineural hearing loss) was found in 37% (14/38). Sixty-five percent (26/40) reported acroparesthesias, with a 23.3 (24) Ϯ 13.9-year duration. Forty-nine percent (19/39) reported temperature intolerance, and 60% (25/42) reported hypohidrosis/anhidrosis. Seventy-nine percent (33/42) were found to have decreased vibration sense in the lower extremities. A large proportion, 62% (21/34), reported either symptoms of depression or treatment with antidepressants, while 39% (13/33) reported generalized anxiety.
Cardiac data
Twenty-five percent (9/36) complained of angina (Table 5) . Patients who took nitrates reported improvement in chest pain. In the three patients where EKGs and cardiac enzymes (CK-MB and troponin) were obtained during episodes of chest pain, ST segment depression was observed, but elevations in enzymes were found in none. Percutaneous coronary angiography was performed in those patients: plaque formation and stenosis were not observed. Twenty-one percent (8/38) reported palpitations. When Holter or 30-day event monitoring was performed, the most common dysrhythmia was sinus tachycardia. No patient had ventricular tachycardia or paroxysmal atrial fibrillation.
Thirty-six percent (14/39) were found to have resting heart rates Ͻ60 beats per minute (BPM) on examination, and the heart rate was 67.5 (66) Ϯ 11.5 BPM. Thirty-three percent (11/33) had sinus bradycardia on EKG. The most common EKG abnormalities were ST-T wave flattening or inversion (45.5%, 15/33), LVH by voltage criterion (21%, 7/33), and rSR with either normal or prolonged QRS interval (18%, 6/33). Ͻ70% of predicted. One nonsmoking 48-year-old patient with a prior stroke who complained of fatigue, persistent cough, and shortness of breath was found to have pulmonary infiltrates on chest radiography and "ground-glass" opacities on chest CT. She subsequently underwent a right upper lobe lung biopsy that showed peribronchiolar fibrosis and inclusion bodies within the smooth muscle and endothelial cells of the bronchioles and arterioles. Electron microscopy indicated the inclusion bodies were lamellated zebra bodies consistent with GL 3 storage.
Noninvasive exercise testing demonstrated abnormalities in gas exchange and cardiopulmonary response, with the VO 2max 78.5 (79.5) Ϯ 25.4% of predicted and 69% (18/26) with a drop Fig. 1 . Health-related quality of life in the CSMC Fabry heterozygote cohort compared to U.S. female norms, as measured by the SF-36 health survey. The mean composite and subcategory scores of the cohort are all below population norms. There is no overlap between cohort and normal 95% confidence intervals in the subcategories with the largest effect sizes (*physical functioning, general health, and vitality).
in diastolic blood pressure greater than or equal to 10 mmHg. The decrease in DBP was 25.3 (19) Ϯ 13.7 mmHg. The spirometry and noninvasive exercise test results are summarized in Table 6 . Correlating exercise testing results to subjective symptoms, the VO 2max in women complaining of fatigue was 70.1 (69) Ϯ 18.3% of predicted, compared to 90.3 (90) Ϯ 27.6% of predicted in the 11 women without fatigue (P ϭ 0.049, Student's t-test'). The maximum heart rate attained during exercise testing was significantly lower in those who complained of exercise intolerance (85.3 (86) Ϯ 13) versus those who did not (113 (98.5) Ϯ 31.9), (P ϭ 0.0089, Wilcoxon Rank-Sum test). Otherwise, we observed no other statistically significant differences in pulmonary function tests and other exercise testing parameters between those with and without fatigue, and those with and without exercise intolerance. The results of these comparisons can be found in Table 7 .
Renal data
Five women (12.5%) had end-stage renal disease (ESRD) and two had received renal transplants ( , and 19% (7/36) had a CrCl Ͻ60 mL/ . Proteinuria was present in 56% (10/18) and microalbuminuria in 80% (8/10). Five women had low-level (Ͻ300 mg/24 hours) and 3 had nephrotic range (Ͼ2000 mg protein/24 hours) proteinuria.
Gastrointestinal data
Severe abdominal cramping was reported in 39% (16/41) and diarrhea was reported in 43% (18/42).
Comorbidities, concurrent medications, and enzyme replacement therapy
Most of the concurrent medications were used for cardiovascular risk reduction or pain control. Hypertension or treatment with antihypertensives was present in 43% (16/37) of all patients and 34% (11/32) of patients without ESRD. Type 2 diabetes was present in one woman. Based on the latest National Cholesterol Education Program clinical practice guidelines for adult cholesterol management, 47 41% (14/34) of the women had fasting triglyceride levels exceeding 150 mg/dL, 47% (15/32) had LDL cholesterol levels above goal (Ͻ100 mg/dL with a prior history of coronary/cerebrovascular disease, Ͻ130 mg/dL with two or more risk factors, Ͻ160 mg/dL with less than two risk factors), and 15% (5/33) had HDL cholesterol levels Ͻ40 mg/dL.
Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers were taken by 26% (11/42) of the cohort; other medications for treatment of hypertension included di- Eleven women were treated with ERT. The indication for initiation of ERT was pain in 45% (5/11) of cases, cardiac involvement in 27% (3/11), renal disease in 27% (3/11), and stroke in 9% (1/11). One woman was treated due to a combination of severe pain and left ventricular hypertrophy. The mean duration of ERT in the 11 women treated with recombinant ␣-Gal A was 25 months. ERT was better tolerated than in men: only one woman experienced hypotension, another experienced nausea and fatigue. All reactions had resolved by the tenth infusion. No anaphylactic reactions occurred. None of the three women tested developed antibodies against recombinant human ␣-Gal A enzyme.
Statistical comparisons between females ascertained via family history versus symptoms
While most comparisons between heterozygotes ascertained due to a family history of Fabry disease and symptoms of Fabry disease were not significant, those ascertained from family history had significantly increased prevalence of abnormal vibration sense compared to those ascertained from symptoms (27/31 and 5/10, respectively; P ϭ 0.026, Fisher's Exact Test) as well as angina pectoris (10/26 and 0/10, respectively; P ϭ 0.035, Fisher's Exact Test) ( Table 9 ). The increased prevalence of abdominal cramping in the family history group approached statistical significance (14/30 and 1/9, respectively; P ϭ 0.12, Fisher's Exact Test). Heterozygotes ascertained from family history also had worse pulmonary function tests (percent predicted FEF 25-75 significant; P ϭ 0.037, Student's t-test) and better markers of renal function (blood urea nitrogen, P ϭ 0.023; serum creatinine, P ϭ 0.071; creatinine clearance, P ϭ 0.022; 24-hour urine protein excretion, P ϭ 0.046, Wilcoxon Rank-Sum test; percent with ESRD, P ϭ 0.010; and percent with CrCl Ͻ60 mL/minute/m 2 , P ϭ 0.076, Fisher's Exact Test). The serum triglyceride level in the symptoms group was also higher than the family history group in a comparison approaching significance (P ϭ 0.12, Student's t-test).
Symptomatology by age, mutation type, and ␣-gal A enzyme activity levels
Two symptoms were associated with significantly increased age: stroke (57 Ϯ 15.3 years in women with stroke, 44.4 Ϯ 16.8 years in women without stroke, P ϭ 0.032) and angina pectoris (54.5 Ϯ 13.8 years in women with angina, 42.3 Ϯ 17.6 in women without angina, P ϭ 0.056). No correlations between increasing age and worsening FEF , VO 2max , maximum heart rate during exercise, creatinine clearance, or 24-hour protein excretion were observed. No significant differences in symptomatology were observed between women with missense versus protein-truncating mutations. Women with stroke, acroparesthesias, hypohidrosis, angina pectoris, LVH, valvular dysfunction, gastrointestinal symptoms, or ESRD had no significant differences in plasma and leukocyte ␣-gal A activity compared to women without those symptoms (unpublished data).
DISCUSSION
The heterozygotes studied in our cohort suffer from significant symptoms of Fabry disease. Only one patient (24 years old) was asymptomatic, while 40/44 women in the cohort had subjective and/or objective evidence of Fabry disease in multiple organ systems. The most common neurologic finding was decreased vibration sense in the lower extremities. Other common manifestations of peripheral neuropathy in the women were acroparesthesias and hypohidrosis. Painful abdominal cramping and diarrhea, thought to be due to GL 3 storage in enteric nerve plexi and/or microvasculature, were also common. Obstructive airway disease, likely due to GL 3 storage in bronchiolar smooth muscle or abnormal airway reactivity, was frequent.
Quality of life was globally reduced, especially due to fatigue (SF-36 vitality subcategory), exercise intolerance (SF-36 physical functioning subcategory), and poor self-perception of health (SF-36 general health subcategory). The Fabry heterozygote cohort PCS score was worse than the PCS score from adults with asthma and better than adults with dialysis-depen- dent end-stage renal disease, systemic lupus erythematosis, and rheumatoid arthritis; the cohort MCS score was worse than the MCS scores taken from these four chronic illness cohorts. 39 -42,48 Quality of life subcategory scores were comparable to scores obtained from a cohort of 202 Fabry heterozygotes. 49 Data from the BPI indicates that chronic acroparesthesias, abdominal cramping, and other bodily pain interfere with mood and enjoyment of life. Pain, fatigue, exercise intolerance, and self-perception of poor health are likely to be significant contributors to the high prevalence of depression and anxiety in our cohort. Life-threatening manifestations of Fabry disease such as cardiac ischemia, cerebrovascular accidents, hypertension, dysrhythmias, and renal insufficiency were also common. The absence of coronary artery stenosis despite electrocardiographic and serologic evidence of myocardial ischemia underscores the important observation that cardiac ischemia in Fabry disease is usually of microvascular origin. 4, 50 The prevalence of CVA in this cohort (22%) was nearly ten times higher than the prevalence in the United States (2.3% of all women older than 18 years), and the prevalence of hypertension (43%) was more than twice that of the women in the U.S. population, perhaps due to obesity (20.2% of women older than 20 years). 51, 52 This observation is in contrast to men with Fabry disease, who generally do not develop hypertension prior to onset of renal failure. Equally concerning was the observed compromise in renal function, even after excluding the five women with end-stage renal disease.
The demographics of our cohort and the prevalence of most symptoms are generally similar to those reported by other groups. Some of these reports were subject to ascertainment bias due to enrollment of only symptomatic patients 18 or of patients requiring ERT. 19 Because 76% of our heterozygotes were ascertained due to family history of Fabry disease, the results of this study are important because they indicate that the general Fabry heterozygote population suffers from significant multisystemic disease. Furthermore, this population suffers from the same disease manifestations as hemizygous men with comparable frequency, with the exception of end-stage renal disease and left ventricular hypertrophy. 6, 13, 25, 35, 53 The lack of differences in symptom severity between women with missense and protein-truncating mutations is consistent with our observations of intrafamilial variability. While we have not performed X-inactivation studies on any of the women, skewed X-inactivation alone cannot explain this observation. Women in this cohort with normal ␣-gal A enzyme activity were just as symptomatic as women with low or absent ␣-gal enzyme activity, consistent with previous studies. 18, 19 Variable X-inactivation within different tissues, in conjunction with differing thresholds of ␣-gal A enzyme required for normal tissue function, may be responsible for the observed phenotypic heterogeneity. Therefore, leukocyte or plasma ␣-gal A enzyme levels do not predict severity of disease or rate of progression; the presence of circulating endogenous ␣-gal A enzyme cannot protect heterozygous women from development of symptoms. Although our cohort is small, a comparison between the heterozygotes ascertained from family history and those ascertained from symptoms of Fabry disease demonstrated a significantly higher proportion of heterozygotes ascertained from family history had angina pectoris and decreased vibration sense. Abdominal cramping was also more prevalent in those diagnosed from family history, a comparison trending toward statistical significance. They also tended to have poorer performance on pulmonary function testing, indicating evidence of obstructive pulmonary disease. A possible explanation for these observations is that those diagnosed from family history tended to be older than those diagnosed from symptoms, allowing more time for GL 3 storage to occur in peripheral nerves, small airways of the lungs, and microvasculature of the heart and intestines. However, no association between increasing age and worsening of these symptoms was observed, possibly due to type II error. Increasing age was correlated with CVD and angina pectoris, but this observation is more likely due to a direct effect of age and postmenopausal status, not a result of endothelial GL 3 storage. Markers of renal function were poorer in the women diagnosed from symptoms because renal disease was the reason for diagnosis in 60% of those women. Triglycerides were elevated in the symptomatic group as a secondary effect of the nephrotic syndrome.
There were also significant correlations between subjective symptoms and results of noninvasive exercise testing. Women who complained of fatigue had significantly lower VO 2max compared to those who did not have fatigue. Those who complained of exercise intolerance had significantly lower maximum heart rates than those who did not, indicating that the inability to achieve predicted maximum exercise levels during exercise testing correlated with their subjective complaints. The high prevalence of exercise intolerance, compounded with anhidrosis and temperature intolerance, caused many of the heterozygotes to live a semisedentary lifestyle. As a possible consequence, a large proportion of our cohort was overweight or obese. The prevalence of overweight and obesity were slightly higher compared to the prevalence in the female population of the United States (68% and 43% vs. 62% and 33%, respectively). 51 The high prevalence of obesity, hypertension, and elevated LDL cholesterol in our cohort further augment the elevated risk of stroke and cardiac ischemia due to the endothelial GL 3 storage of Fabry disease.
Based on the results of this study, we echo the recommendations of Deegan et al., 2005 that Fabry disease should no longer be termed an "X-linked recessive" disease and heterozygous Fabry women should not be called carriers, a term that erroneously connotes a lack of symptoms and dangerously delays evaluation and treatment of potentially life-threatening conditions. 19 Perhaps as a result of this misconception, we have encountered resistance among the primary and specialist physicians who care for these women to evaluate and treat their Fabry disease symptoms and health insurance carriers to reimburse for their ERT. In addition, although difficult to quantify, our experience in caring for these women indicates that a number of them deny they have, or can have, significant problems with their health.
The diagnosis of Fabry disease in a proband should prompt a thorough clinical, biochemical, and molecular investigation of the rest of the proband's relatives, including women. A heterozygote should be offered ERT if they have any of the following signs or symptoms: cerebrovascular accident, TIA, or ischemic white matter changes on brain MRI; acroparesthesias resistant to conventional therapy; severe left ventricular hypertrophy, hemodynamically significant valvular dysfunction, or other clinically significant cardiac disease; or GFR Ͻ80 mL/minute/1.73 m 2 or proteinuria resistant to pharmacotherapy. 54 ERT should also be considered for microvascular cardiac ischemia and severe gastrointestinal or pulmonary/exercise intolerance symptoms resistant to medical therapy. Lifestyle modification and pharmacotherapy should be instituted to mitigate other cardiovascular risk factors such as obesity, hypertension, dyslipidemias, and platelet aggregation. Consensus recommendations for specific evaluations and pharmacotherapy have been published. 54 In this study, acroparesthesia is the most common initial symptom of Fabry disease with an early age of onset, but is often not recognized and correctly referred for workup, thus delaying diagnosis and treatment. The mean time elapsed between onset of first symptom and diagnosis in our cohort was more than 15 years; earlier recognition of Fabry disease in heterozygotes will allow for earlier initiation of ERT, which can reverse or slow progression of disease.
